Title: Paroxysmal extreme pain disorder (PEPD) is an autosomal dominant painful neuropathy with many, but not all, cases linked to gain-of-function mutations in SCN9A which encodes voltage-gated sodium channel Na. 1.7. It is a very rare condition featured by flushing of the lower half of the body and excruciating burning pain caused by any stimulus below the waist or in the perianal region. PEPD may be associated with cardiovascular instability, especially prolonged sinus pauses, and thus has anesthetic implications. Pacemaker implantation is the alternative therapeutic option, but its indications have not been clarified yet.
Background: This condition is well described in neurological literature, but to our knowledge, this is the first case report of a patient with paroxysmal extreme pain disorder with prolonged sinus pauses requiring anesthesia for an epicardial pacemaker even with the perioperative risk of the pathology. This clinical observation can help for a better management and understanding of the cardiac risk complications of PEPD especially for an infant whose diagnostic is frequently made at the stage of complication This clinical observation can put the item on the necessity of establishing recommendations for management of cardiac complications during PEPD.
Case report:
We extensively searched the literature on cardiac pacing in patients with PEPD and we described a new case of a 9 month old infant who was admitted in the emergency department for an episode of malaise apnea and hemifacial cyanosis relevant to PEPD. The neurologic exploration was normal. The diagnostic was confirmed by genetic study. The 24 hours recording demonstrated long pauses of 15 seconds during the crisis justifying the implantation of epicardial pacemaker without peri-operatory complications due to the high anesthetic risk of this pathology.
Introduction
Paroxysmal extreme pain disorder (PEPD) is an autosomal dominant painful neuropathy with many, but not all, cases linked to gain-of-function mutations in SCN9A which encodes voltage-gated sodium channel Na. 1.7. The paper should be of interest because this clinical observation can put the item on the severity of the cardiac risk complications of this disease especially for an infant whose diagnostic is frequently made at the stage of complication. This clinical observation can help for a better understanding of the management of anesthetic process Because of the potential for cardiovascular instability Observation A 9-month-old infant was brought to the emergency department after an episode of malaise and hemifacial cyanosis. Her parent reported that the crisis was triggered by crying. The infant had vegetative manifestations like hemifacial redness, snorkeling and sweats with foam at the lips, motor manifestations like rubbing feet with reduced consciousness. So the infant turned blue around the lips and began gasping for air. During this time, her eyes "rolled back", and she did not interact with her parents. There were no clonic movements, and she did not respond to physical stimulation. On arrival, she was alert and looked well. There were no focal findings on examination, her development was appropriate, and her laboratory studies were normal including a blood glucose level of 5.4 mmol/L. The girl's parents reported similar, less profound episodes occurring during crying since the age of 2 months. They noted that, initially, her head would go back, her eyes would roll upwards, and she would become floppy and limp. These episodes occurred only during crying and lasted a few seconds, followed by a period of sleepiness. Detailed neurological exam was normal. She was admitted to the pediatric unit for investigation.
Between these episodes, she had been well, and she did not have any evidence of intercurrent illness. She had normal attainment of developmental milestones, and there was no significant past medical history. She had been born at term with no neonatal problems after an uneventful pregnancy. She was up-to-date with the vaccination schedule, and she had not received any vaccinations recently. She was an only child, and her parents were well with no family history of seizures or epilepsy.
Electrocardiogram demonstrated sinus rhythm with a normal QT interval. Provoking cries while her vital signs were monitored provoked hypertonia, bradycardia, and brief apnea with associated desaturation. She stared straight ahead and made mouthing movements. She was calmed and given high-flow oxygen. A further similar episode occurred later while she was sleeping, this time without provocation. Follow-up included a brain Conclusion: Paroxysmal extreme pain disorder is a highly distinctive sodium channelopathy with incompletely carbamazepine-sensitive bouts of pain and sympathetic nervous system dysfunction. It is most likely to be misdiagnosed as epilepsy and, particularly in infancy, as hyperekplexia and reflex anoxic seizures. Clinicians must evocate this diagnostic even any clinical suspicion given the severity of cardiac complications. MRI and EEG and were normal. Echocardiography was without anomalies. The 24 hours rhythm recording demonstrated the presence of long pauses up to 15 seconds (Figure 1 and 2) during the attacks thus retaining the indication of a definitive stimulation by an epicardial single chamber pacemaker VVI (St Jude medical Microny II SR, set at a back up rate of 80 beats per minute).That was implanted without difficulty during anesthesia even the high anesthetic risk of the pathology. Since the day of PM implantation and activation, the infant has had no more event.
The genetic study showed the presence of mutation in the SCN 9A confirming the diagnosis of PEPD.
Discussion
Inherited mutations in voltage-gated sodium channels (VGSCs; or Nav ) cause many disorders of excitability, including epilepsy, chronic pain, myotonia, and cardiac arrhythmias. Understanding the functional consequences of the disease-causing mutations is likely to provide invaluable insight into the roles that VGSCs play in normal and abnormal excitability.
Abnormal pain sensitivity associated with inherited and acquired pain disorders occurs through increased excitability of peripheral sensory neurons in part due to changes in the properties of voltage-gated sodium channels (Nav s) [1] . Resurgent sodium currents (INaR) are atypical currents believed to be associated with increased excitability of neurons and may have implications in pain. Mutations in Nav 1.7 (peripheral Nav isoform) associated with two genetic pain disorders, inherited erythromelalgia (IEM) and paroxysmal extreme pain disorder (PEPD), enhance Nav 1.7 function via distinct mechanisms) [1] . The universe of painful Na-channelopathies -human disorders caused by mutations in voltage-gated sodium channels -has recently expanded in three dimensions. We now know that mutations of sodium channels cause not only rare genetic 'model disorders' such as inherited erythromelalgia and channelopathy-associated insensitivity to pain but also common painful neuropathies.
The discovery of genetic variants that substantially alter an individual's perception of pain has led to a step-change in our understanding of molecular events underlying the detection and transmission of noxious stimuli by the peripheral nervous system [2] . The voltage-gated sodium ion channel Nav 1.7 is expressed selectively in sensory and autonomic neurons; inactivating mutations in SCN9A, which encodes Nav 1.7, result in congenital insensitivity to pain, whereas gain-of-function mutations in this gene produce distinct pain syndromes.
Changes in Nav 1.7 function due to mutations associated with PEPD, but not IEM, are important in INaR generation, suggesting that INaR may play a role in pain associated with PEPD [1] . This knowledge provides us with a better understanding of the mechanism of INaR generation and may lead to the development of specialized treatment for pain disorders associated with INaR. Genetic analysis of the SCN9A gene has become an important diagnostic test in the characterization of pain syndromes. Although well documented, the correlation between SCN9A genotypes and clinical phenotypes is still unclear.
Electrophysiological characterization showed that this mutation did not affect channel activation but instead resulted in incomplete fast inactivation and a small hyperpolarizing shift in steady-state slow inactivation, characteristics more commonly associated with PEPD [3] . Functional analysis of a number of mutations associated with paroxysmal extreme pain disorder has shown them to impair fast-inactivation without altering channel activation, leading to persistent current, prolonged action potentials and repetitive neuron firing in response to provoking stimuli, such as stretching and exposure to cold temperatures [2] . In contrast to IE, the SCN9A mutations associated with PEPD alter Nav 1.7 by impairing inactivation of the channel leading to an enhanced persistent current.
[44] A key unanswered question is why the Nav 1.7 mutations associated with IE and PEPD cause such different phenotypic expression particularly in terms of the distal predominance of symptoms in the former and proximal in the latter [4] .
Paroxysmal extreme pain disorder (formerly known as familial rectal pain) is inherited in an autosomal-dominant fashion first described in 1917 by MacLennan. In 1959, rectal, ocular and submaxillary pain (the full spectrum of paroxysmal extreme pain disorder) was described [5] . PEPD is characterized by paroxysmal episodes of severe perineal rectal, ocular, and mandibular pain. The ocular pattern of pain is an intense burning sensation, followed by conjunctival injection and erythema of the eyelids and skin in the temporal region. There are often autonomic manifestations such as skin flushing and bradycardia [6, 7] . The clinical form for the infant is usually incomplete. The attacks may be precipitated by defecation, crying or yawning. However, symptoms sometimes occurred without any provocative stimulus [8] . Nav 1.7 is found in the dorsal root and sympathetic ganglia. It is particularly highly expressed in nociceptors [9] . The effects of hyper-excitability in these areas correlate to the clinical picture. Pain is associated with autonomic features that can include flushing (which sometimes results in harlequin color change), lacrimation, rhinorrhea, and tonic attacks with apneas and bradycardia. These attacks can escalate to seizures, hypertonia, respiratory arrest, and even asystolic cardiac arrest [6] . Tonic attacks might be confused with epilepsy; however, findings of electroencephalography are normal [10] . Important stimuli are physical factors: defecation or eating but strong emotion can also be a trigger. Between episodes, physical examination is normal. Most patients present symptoms at birth or in infancy. The frequency of rectal pain episodes typically falls with increasing age, although ocular and mandibular pain can become more common. Sudden attacks of severe pain lasting seconds to hours occur, usually in characteristic distributions, namely rectal, ocular, and submaxillary [11] .
Diagnosis of these patients requires obtaining a thorough history, examination by a senior neurologist or a pain consultant and referral to an appropriate center for further genetic investigations if necessary, to confirm the diagnostis. Several members of the family might require examination to confirm the genetic diagnosis. Various pharmacological options for providing pain relief have been tried with varying degrees of success including sodium channel blockers, such as carbamazepinr lidocaine mexiletine [12] and central neuraxial local anesthetic blockade [13, 14] .
Cardiac syncope must also be considered, especially prolonged QT syndrome, and an ECG is an important first line investigation and, if strongly suspected, 24-hour ECG is recommended. The much rarer channelopathy of paroxysmal extreme pain disorder (PEPD) should also be considered. Miss S is unusual among PEPD patients in that she had had multiple episodes of prolonged pauses. The longest documented asystolic episode has been 15s. These cardiovascular symptoms are not uncommon. The exact etiopathogenesis of seizures and cardiovascular instability is not clearly understood [15] . Although uneventful, we felt that this case was of interest due to the rarity of the condition and the potentially serious adverse outcomes including sudden cardiac arrest.
There are no established guidelines for the management of prolonged sinus pauses for the patient with PEPD. The cardiac stimulation is also indicated. Carbamazepine is effective for reduction of the frequency and severity of attacks in most patients but it did not have a real effect on the reversibility of symptoms in patients with prolonged sinus pauses [12] .
Perioperative anesthetic considerations include preoperative reassurance and administration of anxiolytics to allay anxiety. There is no established guidance for anesthesia in these patients reported in the anesthetic literature. Because of the potential for cardiovascular instability, it is vital to have resuscitative drugs (vasopressors/inotropes) and invasive monitoring equipment readily available [16] . Although anesthetic technique minimally affects this disorder, regional anesthesia could precipitate the symptoms, possible pressure or pain from needle insertion [17] . If the symptoms appear under general anesthesia, keeping the patient sedated until the disappearance of the symptoms will alleviate any patient discomfort and pain. Provision of adequate perioperative pain relief in these patients can be extremely challenging because of the overexpression of Nav 1.7 receptor in acute pain and inflammatory conditions [17] . Pretreatment with cyclooxygenase 1 and 2 inhibitors could be beneficial in the absence of any contraindications. [10] Multimodal analgesia should be administered to minimize the precipitation of symptoms caused by pain.
Conclusion
Paroxysmal extreme pain disorder is a highly distinctive sodium channelopathy with incompletely carbamazepine-sensitive bouts of pain and sympathetic nervous system dysfunction. It is most likely to be misdiagnosed as epilepsy and, particularly in infancy, as hyperekplexia and reflex anoxic seizures. The onset of the disorder is in the neonatal period or infancy and persists throughout life. Autonomic manifestations predominate initially, with skin flushing in all and harlequin color change and tonic attacks in most. Dramatic syncopes with bradycardia and sometimes asystole are common. Clinicians must evocate this diagnostic even any clinical suspicion given the severity of cardiac complications.
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